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4XLFNIODQJH FRQQHFWLRQ (VSHFLDOO\ GXULQJ WKH FROG ZRUN SURFHVV WKH SLSH H[SHULHQFHV VLJQLILFDQW SODVWLF
GHIRUPDWLRQ ZKLFK PLJKW OHDG WR ORFDO GXFWLOH IDLOXUH RI WKH SLSH DW WKH FROG ZRUNHG UHJLRQ DQG FRQVHTXHQWO\












2.1. True Stress-Strain Curves 
7KH8QLD[LDOWHQVLOHWHVWVDUHFRQGXFWHGRQERWKVSHFLPHQVFXWRXWIURPERWKWKHSLSHDQGWKHIODQJH,Q)LJD
WKHWUXHVWUHVVYHUVXVWUXHVWUDLQIURPWKHXQLD[LDOWHVWVDUHVKRZQIRUERWKPDWHULDOV
7KH H[SHULPHQWDO GDWD DQG WKH%ULGJPDQGDWDZHUH FXUYHILWWHG WRREWDLQ WKH IROORZLQJH[SRQHQWLDO KDUGHQLQJ
VWUHVVVWUDLQPRGHOJLYHQE\HTQZKHUHE LVWKHPRGXOXVRIHODVWLFLW\ V GHQRWHVWKHPRGHO\LHOGVWUHVVn LV
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QXFOHDWLRQ RI PLFUR YRLGV ZKLFK LV IROORZHG E\ JURZWK DQG FRDOHVFHQFH RI WKH IRUPHG YRLGV OHDGLQJ WR ILQDO
XOWLPDWHIDLOXUH>@'XFWLOHIUDFWXUHJRYHUQHGE\YRLGJURZWKDQGFRDOHVFHQFHGHSHQGVVWURQJO\RQWKHOHYHORI
VWUHVVWULD[LDOLW\GHILQHGDVWKHUDWLREHWZHHQWKHK\GURVWDWLFVWUHVVDQGWKHYRQ0LVHVVWUHVVHJ h sT V V 
,Q >@ WKHGXFWLOH IDLOXUH ORFXV IRU6$*U% LV GHWHUPLQHG H[SHULPHQWDOO\ ,Q)LJ E WKH UHVXOWLQJ
IDLOXUH ORFXV HJ fH YHUVXV T DW IDLOXUH REWDLQHG IURP >@ LV SORWWHG ZKHUH WKH VROLG PDUNHUV SHUWDLQ WR
H[SHULPHQWDOGDWD$VZRXOGEHH[SHFWHGIURPYRLGJURZWKDQGFRDOHVFHQFHGULYHQPRGHOV>@ WKHVWUDLQ WR
IDLOXUHLQFUHDVHVZLWKGHFUHDVHLQWULD[LDOLW\LQDQH[SRQHQWLDOPDQQHU+HQFHWKHH[SHULPHQWDOGDWDLVFXUYHILWWHG
WRDQH[SRQHQWLDOIXQFWLRQJLYHQE\HTQZKHUHWKHSDUDPHWHUVDUHGHWHUPLQHGWREHA  DQGB 
  BTf T AeH    
$60( ERLOHU DQG SUHVVXUH YHVVHO FRGH 6HFWLRQ9,,, 'LYLVLRQ  >@ SURYLGHV D ORFDO VWUDLQ OLPLW FULWHULRQ WR
SURWHFWSUHVVXUHYHVVHOVDJDLQVWORFDOIDLOXUHXQGHUDSSOLHGORDGV7KHSLSHPDWHULDO6$*U%LVDIHUULWLFFDUERQ
VWHHODQGLWVFRUUHVSRQGLQJIDLOXUHORFXVGHULYHGIURP>@LVSORWWHGLQ)LJEGDVKHGEOXHOLQH
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+HQFHWKHIDLOXUHORFXVGHULYHGIURPHTQLVLPSOHPHQWHGLQWKHILQLWHHOHPHQWPRGHOWRDFFRXQWIRUGXFWLOH
IDLOXUHRIWKHSLSHGXULQJWKHFROGZRUNSURFHVVRIWKHSLSHIODQJHFRQQHFWLRQ






















ZKHUHn LVWKHVWUDLQKDUGHQLQJH[SRQHQWRIWKHPHWDOJLYHQLQWDEOHpLVWKHFRQWDFWSUHVVXUHOHYHODQG utS LVWKH









7KH SLSH DQG IODQJH DUH PRGHOHG DV GHIRUPDEOH VROLGV DQG DUH DVVLJQHG DQ HODVWLFSODVWLF PDWHULDO EHKDYLRU
IROORZLQJ 0LVHV \LHOG FULWHULRQ ZLWK D WUXH VWUHVVVWUDLQ UHODWLRQ E\ HTQ  DQG WDEOH  IRU HDFK PDWHULDO
UHVSHFWLYHO\7KHPDWHULDOZDVDVVXPHGWREHLVRWURSLFKDUGHQLQJZLWKUDWHLQGHSHQGHQWEHKDYLRU
7KHIDLOXUHHQYHORSHIRUWKHSLSHPDWHULDO6$*U%JLYHQE\)LJDDQGHTQLVSURYLGHGDVDPDWHULDO









 ³   
ZKHUHȦ LV DSKHQRPHQRORJLFDO GDPDJH VWDWHYDULDEOH DQG  f TH LV WKH IDLOXUH HQYHORSHJLYHQE\ HTQ 7KH
GDPDJH VDWH YDULDEOHȦZLOO LQFUHDVHPRQRWRQLFDOO\ZLWK SODVWLF GHIRUPDWLRQ LQ HDFK HOHPHQW 2QFH LW DWWDLQV D
YDOXH RI XQLW\ WKH GXFWLOH GDPDJH LQLWLDWLRQ FULWHULRQ LVPHWZKLFK LQ WKLV VWXG\ LV DOVR UHJDUGHG DV WKH SRLQW DW
XOWLPDWHIDLOXUH
$JHQHUDOFRQWDFWLQWHUDFWLRQLVGHILQHGEHWZHHQWKHVXUIDFHVRIWKHULJLGH[SDQVLRQWRROVHJPHQWVWKHSLSHDQG
WKH IODQJH 7KH IULFWLRQ FRHIILFLHQW LV DVVXPHG WR KDYH LVRWURSLF GLUHFWLRQDO SURSHUWLHV ZLWK FRQWDFWSUHVVXUH
GHSHQGHQF\JLYHQE\WKHIULFWLRQPRGHOLQHTQ7KHVLPXODWLRQLVFDUULHGRXWRYHUILYHDQDO\VLVVWHSV,QWKHILUVW
VWHS WKH H[SDQVLRQ WRRO VHJPHQWV DUH H[SDQGHG UDGLDOO\ WRZDUGV WKH SLSH LQQHU GLDPHWHU DQG DUH JLYHQ D UDGLDO
GLVSODFHPHQW RI PP FRUUHVSRQGLQJ WR WKH ILQDO SRVLWLRQ RI WKH WRRO VHJPHQWV LQ WKH H[SDQVLRQ SURFHVV ,Q WKH
VHFRQGDQDO\VLVVWHSWKHH[SDQVLRQWRROVHJPHQWVDUHUHWUDFWHGDQGWKHSLSHH[SHULHQFHHODVWLFVSULQJEDFN,QWKH



























































,Q)LJ  WKHPHFKDQLFDO UHVSRQVH RI WKH SLSHIODQJH FRQQHFWLRQ IRUPRGHO  DQG DUH VKRZQ ,QRUGHU WR
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WKDQ WKHDOORZDEOHIRUFHFallDQG\LHOGLQJIRUFHFyDVSHU$60(%>@EXWVPDOOHU WKDQ WKHXOWLPDWH WHQVLOH
IRUFHFut RI WKH SLSH DVSHU WKHSHUIRUPDQFH DFFHSWDQFH FULWHULRQ7KH FRUUHVSRQGLQJGHIRUPHG VKDSHV DW YDULRXV
IRUFHOHYHOVDUHVKRZQDVFRQWRXUVRIWKHGDPDJHYDULDEOHZLQWKHWKLUGURZRI)LJ)RUPRGHOWKHSLSHGHIRUPV
















DSRWHQWLDORI UHSODFLQJ WKHFRQYHQWLRQDOZHOGHG MRLQW7KUHHGLIIHUHQWPRGLILHG IODQJHJHRPHWULHV DUHFRQVLGHUHG
DQG LW VKRZ WKDWDQRSWLPXPXOWLPDWH ORDGFDUU\LQJFDSDFLW\RI WKHSLSHIODQJHFRQQHFWLRQFDQEHDFKLHYHG IRUD
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